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Scaﬀolds play a critical role in the practical realization of bone tissue engineering. The purpose of this study was to assess whether
a core-sheath structure composite scaﬀold possesses admirable physical properties and biocompatibility in vitro. A novel scaﬀold
composed of poly(lactic-co-glycolic acid)/β-tricalcium phosphate (PLGA/β-TCP) skeleton wrapped with Type I collagen via low-
temperature deposition manufacturing (LDM) was prepared, and bone mesenchymal stem cells (BMSCs) were used to evaluate
cell behavior on the scaﬀold. PLGA/β-TCP skeleton was chosen as the control group. Physical properties were evaluated by pority
ratio, compressive strength, and Young’s modulus. Scanning electron microscope (SEM) was used to study morphology of cells.
Hydrophilicity was evaluated by water absorption ratio. Cell proliferation was tested by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide assay (MTT). Osteogenic diﬀerentiation of BMSCs was evaluated by alkaline phosphates activity (ALP).
The results indicated that physical properties of the novel scaﬀold were as good as those of the control group, hydrophilicity was
observably better (P<0.01) than that of control group, and abilities of proliferation and osteogenic diﬀerentiation of BMSCs on
novel scaﬀold were signiﬁcantly greater (P<0.05) than those of control group, which suggests that the novel scaﬀold possesses
preferable characteristics and have high value in bone tissue engineering.
1.Introduction
Large bone defects, such as acute injuries, fall fractures
in osteoporotic patients, or tumors and congenital malfor-
mations of the musculoskeletal system are very common
in the clinical cases of orthopedics. It is necessary to
resect the aﬀected parts of the bone [1], which is a major
therapeutic challenge for the reconstructive surgery after
resection. Recently, great progress has been made in bone
tissue engineering, which is promising for treatment of
bone defects and bone regeneration [2]. Scaﬀold is one of
the critical elements, and it is generally acknowledged that
appropriate physical structure and good biocompatibility
are two important characteristics that are considered ideal
for bone tissue engineering. The scaﬀold, as a temporary
template or substrate, formulates the ﬁnal shape of the new
bone, and the architecture of the scaﬀold, a key property
of the scaﬀolds, determines its interaction with the targeted
cells. Target cells behave distinctively when they grow on
diﬀerent scaﬀolds (hydrophilicity, surface roughness, etc.)
[3].
In the previous study, we had fabricated 3-dimensional
porous poly(lactic-co-glycolic acid) (PLGA)/β-tricalcium
phosphate (β-TCP) (PLGA/β-TCP) scaﬀold via low-
temperature deposition manufacturing (LDM) [4]. In
vitro and in vivo experiments had proved that the scaﬀold
had favourable mechanical strength, high parity ratio,
adjustable biodegradation rate, and facility of process and
molding [5], which satisﬁed the essential requirements of
the scaﬀold for the bone tissue engineering. However, the
hydrophobic surface of PLGA/β-TCP is not adequate for
cell adhesion, proliferation, and osteoblastic diﬀerentiation2 Journal of Biomedicine and Biotechnology
[6, 7], which limited the repairing ability of the scaﬀold.
Satisfactory hydrophilicity and favourable biocompatibility
of the scaﬀold could guarantee the cells to adhere, proliferate
and diﬀerentiate, and it also could promote inﬁltration
of oxygen and nutritive material of the body ﬂuid inside
the scaﬀold, which is vital to the successful repair of bone
defects. Therefore, it is important to modify the surface of
the scaﬀold to achieve satisﬁed surface characteristics for cell
adhesion, proliferation and diﬀerentiation.
Ma reported that water-absorption ratio of the porous
scaﬀold could be improved remarkably by covering the sur-
face of the scaﬀold with collagen [8]. Some studies reported
that the adhesion, proliferation, and the diﬀerentiation to
osteoblast directionally of the bone mesenchymal stem cells
(bmscs) could be improved when the cells cultured on the
type I collagen [9–11]. For these reasons, we have fabricated
the core-sheath structure composite scaﬀold composed of
plga/β-tcp skeleton wrapped with type i collagen on the
surface. The core-sheath structure composite scaﬀold was
a 3-dimensional structural bone bracket stuﬀ fabricated
by a kind of controllable tachy-forming novel sprayer via
ldm. Its materials and structure of the scaﬀold are fairly
biomimetic, and the production of the scaﬀold is based
on the bionic principle through simulating human bone
actual architecture. The aim of the present study was to
analyze the physical properties and the biocompatibility of
the core-sheath structure composite scaﬀold in comparison
with plga/β-tcp skeleton in vitro. Physical properties were
evaluated by means of analyzing the pority ratio, aperture,
compressive strength, and young’s modulus. The morphol-
ogy of the scaﬀolds and the cells on the surfaces of the
scaﬀolds were investigated by scanning electron microscope
(sem). The hydrophilicity was assessed by means of water
absorption, and the proliferation of the cells were assessed by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bro-
mide assay (mtt). The function of the diﬀerentiated bmscs
was monitored by measuring alkaline phosphates activity
(alp) of the cells.
2.MaterialsandMethods
2.1. Preparation of the Materials. PLGA (LA/GA = 75/25,
Mw = 104900, Mn = 92210, PI = 1.14) was purchased from
Department of Medical Polymers Shandong Institute, and
β-TCP (particle size = 1.9 ± 0.7μm) was purchased from
Chemical Material Factory of Wenzhou. PLGA and β-TCP
were both dissolved by 1,4-Dioxane, and the PLGA and β-
TCP solution concentration was 25%. Type I collagen was
derivedfromfreshgrownrats’tailsfollowingSchor’smethod
[12] in Institute of Orthopaedics and Traumatology, Xijing
Hospital, The Fourth Military Medical University. Type I
collagen was dissolved by 0.2mol/L acetic acid, and the
collagen solution concentration was 0.8wt%.
2.2. Fabrication of the Core-Sheath Structure Composite Scaf-
fold. The PLGA/β-TCP skeleton was fabricated by a LDM
systemaswereported before[13–16].Thecore-sheathstruc-
ture composite scaﬀold was also fabricated by a LDM system
(designed by the Department of Mechanical Engineering
of Tsinghua University). Brieﬂy, PLGA, β-TCP (PLGA/β-
TCP = 7:3), and 1,4-dioxane were mixed at the room tem-
perature to make a homogeneous slurry, and the PLGA/β-
TCP solution concentration was 25%; type I collagen was
dissolved by 0.2mol/L acetic acid at the room temperature
to make a homogeneous slurry, and the collagen solution
concentration was 0.8wt%. We prepared a drive pipe
constructed with an inner pipe and an outer pipe, the
terminalsofwhichwereequippedwithannulartubesnozzles
separately. Then the slurry of PLGA/β-TCP and the solution
of type I collagen were divided into the inner pipe and outer
pipe of the drivepipe separately, and then extruded from a
computer-controlled annular tubes nozzle line by line onto
a platform or frozen materials in a low-temperature room
simultaneously. The slurry and solution would both solidify
quickly after being extruded, and, at the same time, the
PLGA/β-TCP and the type I collagen would combine tightly.
Rounded macropores (300–500μm) appeared at intervals
among lines. When one layer ﬁnished, the platform moved
down one-layer height and started a new layer. The nozzle
moved in X-Y plane alternately, and the platform moved
in Z direction repeatedly until construction of the scaﬀold
was completed. Then the frozen scaﬀold was freeze dried in a
freezedryer,throughwhichthemicropores(lessthan10μm)
formed as the phase separation process happened in the low-
temperature room. Finally, the scaﬀold was cross-linked by
carbodiimide.
2.3. SEM Observation. SEM (S-3400N; Hitachi, Tokyo,
Japan) was used to observe the surface and the microstruc-
ture of the scaﬀolds and the interface conﬁguration of the
PLGA/β-TCP and type I collagen. Before the observation,
eachsamplefromthetwogroupswasfreezedriedandcoated
with a gold layer using a sputter coater.
2.4. Test of Scaﬀold Pority Ratio. Pority ratio was evaluated
according to the apparent densities method following Vaz
et al. [17]. The samples were cut into cubes after frozen in
liquidnitrogen.Theirapparentvolumeswerecalculatedafter
measurement of the apparent dimensions of the cubes, and
the samples were freeze dried in a freeze dryer for 24h, then
the weights of the dry samples were measured to an accuracy
of 10−4g( n = 3). The apparent density was calculated as
follow:
ρ =
m
V
. (1)
The total pority ratio Pt was calculated according to
Pt =

1 −
ρ
ρo

×100, (2)
where m is the mass of dry samples, V is the volume of the
samples, ρ is the apparent density of the samples, and ρo is
the standard density of the samples.
2.5. Assessment of Mechanical Strength. Scaﬀolds with the
size of 6.5 × 6.5 × 13.5mm3 were prepared, and materialJournal of Biomedicine and Biotechnology 3
testing was carried out using a computer-controlled elec-
tronic universal material testing machine (Shimadzu, Kyoto,
Japan) to determine the compressive strength and the
Young’s modulus. The samples were compressed using a
standardmethodwithspeed-controlledcompressionforceof
1mm/min. Data were recorded every second (n = 3).
2.6. Water Absorption of Scaﬀolds. Scaﬀolds with the size 1 ×
1 × 1cm 3 were used for water absorption test. Samples with
the required size were immersed in phosphate-buﬀered
saline (PBS, pH 7.4), and the weight of each sample was
recorded (Wi). Then the PLGA/β-TCP skeleton and the
core-sheath structure composite scaﬀold were incubated in
500mL PBS and maintained in a humidiﬁed incubator at
37◦C for 7 days. The samples were then removed from the
PBS, gently blotted with ﬁlter paper to remove surface water,
and immediately weighed (Ws). The water-absorption ratios
were calculated using the following equation:
Water-absorption ratio =
(Ws −Wi)
(Ws)

×100%. (3)
2.7. Culture and Seeding of BMSCs on Scaﬀolds. Each sample
from two groups with the size 1 × 1 × 0.4cm 3 was sterilized
with ethylene oxide sterilization method. The sterilized
scaﬀolds were immersed into low-glucose dulbecco’s mod-
iﬁed eagle media (LG-DMEM, HyClone, Utah, USA) com-
plete medium (containing 20% fetal bovine serum (FBS;
HyClone, Utah, USA) and 100units/mL penicillin and
100μg/mLstreptomycin)for12hbeforecellseeding.BMSCs
were obtained from the femurs and tibiae of a 1-day-old
New Zealand white rabbit. The BMSCs were incubated
at 37◦C in a humidiﬁed environment of 5% CO2,i n
ﬂasks containing the LG-DMEM complete medium. The
mediumwaschangedevery2-3days.Whenthecultureﬂasks
became conﬂuent, cells were detached with 0.25% trypsin
(Sigma-Aldrich, St. Louis, MO, USA) and passaged. Cell
subcultures of third passages were used in the experiments.
Osteogenic diﬀerentiation was induced by culturing BMSCs
in osteogenic medium (DMEM supplemented with 10%
FBS, 10−8mol/L dexamethasone, 10mM β-glycerol phos-
phate, and 50mg/mL L-ascorbic acid) (Sigma-Aldrich, St.
Louis, MO, USA) for 3 weeks. Then, the cells were digested
from the culture ﬂasks by incubation with 0.25% trypsin,
centrifuged for 5min at 1000rpm, resuspended with LG-
DMEM medium seeded onto the top of the scaﬀolds, and
placed in a polystyrene 6-well plate, and incubated at 37◦C
to allow the full adhesion of cells to the scaﬀolds. Cell culture
was performed with medium changed every 2-3 days.
2.8. BMSCs Proliferation Assay and SEM Observation. The
proliferation of BMSCs was detected by MTT. Brieﬂy, 250μL
of the cells suspension were seeded at each scaﬀold in 6-
well plates at a cellular density of 1 × 107 cells/mL for the
cell proliferation assay. After 4h, 2d, 6d, 10d, and 14d of
culturing, the proliferation state of the BMSCs on the
surfaces was analyzed by MTT at OD 490nm (n = 3).
The morphologies of MSCs seeded on the scaﬀolds after
culture for 4h, 2d, 6d, and 14d were observed by SEM.
The samples were taken out of the culture plates, washed
with PBS three times, and ﬁxed in 3% glutaraldehyde in pH
7.4 PBS for 24h at 4◦C, and the cells were then rinsed in
PBS twice, postﬁxed in 1% osmium tetroxide, dehydrated
in a graded series of alcohol and subsequently critical point
dried, and then sputter coated with a thin layer of gold
for observation under the scanning electron microscope
operated at 5kv.
2.9. ALP Assay. The relative ALP activity was determined
according to colorimetric method with p-nitrophenyl as
the substrate [18]. Brieﬂy, the cells in both groups were
collected as before on 6d, 10d, and 14d. Then the cell
pellets were rinsed with PBS for three times and lysed with
sonication. Sample volumes of 0.1mL were mixed with
0.1mL p-nitrophenyl phosphate (pNPP) in 0.1M glycine
(pH 13.0), and the mixture was incubated at 37◦Cf o r3 0m i n
on a bench shaker. The enzymatic reaction was stopped by
the addition of 0.3mL of 0.25N NaOH. Enzyme activity
was quantiﬁed by absorbance measurements at 405nm for
the amount of p-nitrophenol (Sigma-Aldrich, St. Louis,
MO, USA) liberated. Similarly, nonseeded biomaterials were
prepared in an identical manner and analyzed as blank
controls.
2.10. Statistical Evaluation. The number of independent
replica is listed individually for each experiment. All data are
expressed as mean value ± standard deviation and analysed
by SPSS 13.0, and t test was used for hypothesis testing.
Statistically signiﬁcant values are deﬁned as P<0.05.
3. Results
3.1. Morphology of the Core-Sheath Structure Composite Scaf-
fold. Figures 1(a), 1(c),a n d1(e) and Figures 1(b), 1(d),a n d
1(f) are the magniﬁed image of the side face of the PLGA/β-
TCP skeletons and the core-sheath structure composite
scaﬀolds. Compared with the PLGA/β-TCP skeleton, the
surface of the construction unit of the core-sheath structure
composite scaﬀold is totally wrapped by the type I collagen.
Figure 1(g) shows that the interface of the PLGA/β-TCP and
type I collagen is combined tightly.
3.2. Pority Ratio and Aperture of the Core-Sheath Structure
Composite Scaﬀold. Table 1 shows that the pority ratio of
the PLGA/β-TCP skeleton and the core-sheath structure
composite scaﬀold are 88.1±1.2a n d8 6 .7±3.6, respectively,
and the statistical analysis demonstrated that there was
no signiﬁcant diﬀerence in the pority ratio of the two
scaﬀolds. Figures 1(a) and 1(b) illustrate that the macropore
dimensions of the two scaﬀolds are both 300–500μmi ns i z e .
3.3. Mechanical Strength of the Core-Sheath Structure Com-
posite Scaﬀold. The compressive strength of the PLGA/β-
TCP skeleton and the core-sheath structure composite
scaﬀold are 0.68 ± 0.04 and 0.70 ± 0.07, and the Young’s4 Journal of Biomedicine and Biotechnology
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(d) (e) (f)
(g) (h)
Figure 1: (a and b) Morphological comparison observation by SEM of the core-sheath structure composite scaﬀold and the PLGA/β-TCP
skeleton (×50,50). (c and e) Magniﬁed view of the white rectangle frame from (a) (×90,150). Note: the arrows point to the collagen wrapped
the PLGA/β-TCP. (d and f) Magniﬁed view of the white rectangle frame from (b) (×100,150). (g) Morphological observation by SEM
of the core-sheath structure composite scaﬀold (×1k). Note: the arrows point to the interface of the PLGA/β-TCP and the collagen. (h)
Morphological observation by SEM of the PLGA/β-TCP skeleton. (×1k).
Table 1:Water-absorptionratio,porityratio,andmechanicalstrengthofthePLGA/β-TCPscaﬀoldsandthecore-sheathstructurecomposite
scaﬀolds.
Material Water-absorption ratio (%) Parity ratio (%) Compressive strength (Mpa) Young’s modulus (Mpa)
PLGA/β-TCP 2.8 ±0.28 8 .1 ±1.20 .68 ±0.04 17.91 ±2.12
core-sheath 16.1 ±0.3∗ 86.7 ±3.60 .70 ±0.07 18.16 ±3.21
∗Signiﬁcantly diﬀerent compared with the PLGA/β-TCP scaﬀolds (n = 3, P<0.01).
modulus are 17.91 ± 2.12 and 18.16 ± 3.21, respectively
Table 1. The results indicated that there was no signiﬁcant
diﬀerence between the two scaﬀolds in both the compressive
strength and the Young’s modulus.
3.4. Hydrophilicity of the Core-Sheath Structure Composite
Scaﬀold. The water-absorption capacity of the PLGA/β-
TCP skeleton is 2.8 ± 0.2%, and the core-sheath structure
composite scaﬀold is 16.1 ± 0.3% Table 1. The statistical
analysis demonstrated that there was observable diﬀerence.
(P<0.01) (n = 3).
3.5. Adhesion and Proliferation of MSCs on the Core-Sheath
Structure Composite Scaﬀold. The result of MTT indicated
that the number of BMSCs in the core-sheath structure
composite scaﬀolds was greater signiﬁcantly than that of theJournal of Biomedicine and Biotechnology 5
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Figure 2: Cell proliferation comparisons on the core-sheath
structure composite scaﬀold and the PLGA/β-TCP skeleton. Cell
proliferation analysis by MTT methods. Each value and error
bar represent the mean of triplicate samples and their standard
deviation (∗P<0.05 compared with the PLGA/β-TCP scaﬀolds;
n = 3).
PLGA/β-TCP skeleton at diﬀerent intervals from day 6 (P<
0.05), and the number of BMSCs in two kinds of scaﬀolds
was both increased from day 2 to day 14 Figure 2.
Onhour4,thediﬀerentiatedBMSCsadheredtothecore-
sheath structure composite scaﬀold and the pseudopodium
of the cells stretched out Figure 3(a). At day 2, the cells
stretched onto the core-sheath structure composite scaﬀold
and the pseudopodium of the cells tightly attached to the
surface of the scaﬀold Figures 3(c) and 3(d).A td a y6 ,
the cells clustered on the core-sheath structure composite
scaﬀold and were abounded with pseudopodium Figures
3(g) and 3(h). At day 14, the cells covered the surface
of the porous core-sheath structure composite scaﬀold or
extended toward the pores Figures 3(m) and 3(n), what’s
more, the BMSCs secreted ECM Figures 3(k) and 3(l).
Obviously, there were fewer cells adhering to the PLGA/β-
TCP skeleton proliferation compared with the core-sheath
structure composite scaﬀold Figures 3(b), 3(e), 3(f), 3(i),
3(j), 3(o) and 3(p).
3.6. Osteoblastic Diﬀerentiation of MSCs on the Core-Sheath
Structure Composite Scaﬀold. Figure 4 shows that the ALPase
expression on each scaﬀold is increased substantially from
day 6 to day 14, and signiﬁcantly higher activities on 6, 10,
and 14 days of cultivation on the core-sheath structure
composite scaﬀolds are observed as compared with the
control groups (P<0.05).
4. Discussion
In the present study, we analyzed a core-sheath structure
composite scaﬀold for bone tissue engineering applications.
Such a scaﬀold may be particularly suited for implantation
intobonedefectsduetoitsadmirablephysicalpropertiesand
appropriate biocompatibility.
Ideal scaﬀolds for bone tissue engineering should have
appropriate 3-dimensional porous structure, favourable
mechanicalstrength,adjustabledegradationrate,andfacility
of process and molding. However, it is practically impossible
to satisfy the numerous requirements for scaﬀold materials
by using a single material; therefore, composite systems,
which combine the advantages of diﬀerent materials, are
becoming more and more promising. One class of such
composites comprises polymers-inorganic materials which
come up to those standards [2]. The materials we chose
for the composite scaﬀold were synthetic polymers PLGA
and inorganic material β-TCP. But hydrophobicity of the
composite material’s surface counts against the adhesion
and proliferation of the cells [6, 7]. The hydrophilicity
of the scaﬀold’s surface is one of the important factors
that facilitate the penetration of nutrients into the scaf-
fold and the exudation of the metabolic products, which
thus guaranteeing the nutrition transport and cell growth
inside the scaﬀold [19]. It is acknowledged that material
surface will contact and interact with the cells ﬁrst, so the
superﬁcial physicochemical property of the material such as
hydrophilicity or hydrophobicity can inﬂuence a series of
the cells’ responses: adhesion, proliferation, diﬀerentiation,
and so forth. A lot of studies have authenticated that
extracellular matrix (ECM) plays a very important part in
the adhesion, proliferation, and diﬀerentiation of the cells in
the surface of the materials, and type I collagen containing
tropocollagenmoleculeisthebasisoftheECM andpossesses
favourable hydrophilicity and low immunogenicity. So it
would probably improve the superﬁcial hydrophilicity of the
composite material eﬀectively if the surface of the composite
materialiswrappedwithtypeIcollagen.Therefore,wechose
PLGA, β-TCP, and type I collagen as the raw and processing
materials and fabricated the core-sheath structure composite
scaﬀold so as to improve the hydrophilicity of the scaﬀold.
From Figure 1, we can see that the PLGA/β-TCP is totally
wrapped toroidally by type I collagen and that the covering
layeriswelldistributed.Figure 1(g)indicatesthatthecontact
surface of PLGA/β-TCP and type I collagen is tight. The
cementation of the PLGA/β-TCP and type I collagen mainly
depends on the diﬀusion action: the PLGA/β-TCP solution
(PLGA/β-TCP dissolved in the solvent 1,4-dioxane) and the
type I collagen solution (type I collagen dissolved in the
solvent 2% acetic acid) contacted each other in the process of
the molding, and the 1,4-dioxane and 2% acetic acid could
mutually be dissolved very well, and the sizes of the two
solvents were far less than the two solutes (macromolecule
chain), so the two solutions could interdiﬀuse quickly
and smoothly with each other. Both of the PLGA/β-TCP
molecular chain and the type I collagen polypeptide chain
diﬀused to the contact surface, and then solidiﬁed, and the
colliquefaction part was shaped, producing the joint part of
the PLGA/β-TCP and type I collagen. So, the bonding force
of the two materials was strengthened.
Appropriate pority ratio and pore size are crucial to
bone tissue engineering, which can produce a biological
environment conducive to adhesion, proliferation of cells,6 Journal of Biomedicine and Biotechnology
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Figure 3: (a) Morphological observation of BMSCs cultured on the core-sheath structure composite scaﬀold by SEM after 4 hours (×3.0k).
Note: the arrows point to the BMSCs adhered on the scaﬀold and the pseudopodium of the cells. (c and d) Morphological observation of
BMSCs cultured on the core-sheath structure composite scaﬀold by SEM after 2 days (×500,1000). Note: the arrows point to the BMSCs
stretched onto the scaﬀold. (g and h) Morphological observation of BMSCs cultured on the core-sheath structure composite scaﬀold by
SEM after 6 days (×300,1000). Note: the arrows point to the BMSCs. (k, l, m, and n) Morphological observation of BMSCs cultured on the
core-sheath structure composite scaﬀold by SEM after 14 days (×500,1000). Note: (k and l) the arrows point to the BMSCs and secreted
ECM by BMSCs. (m and n) the arrows point to the BMSCs growed into the holes of the scaﬀold. (b) Morphological observation of BMSCs
cultured on the PLGA/β-TCP skeleton after 4 hours (×3.0k). (e and f) Morphological observation of BMSCs cultured on the PLGA/β-TCP
skeleton after 2 days (×500,1000). Note: the arrows point to the BMSCs. (I and j) Morphological observation of BMSCs cultured on the
PLGA/β-TCP skeleton after 6 days (×500,1000). Note: the arrows point to the BMSCs. (o and p) Morphological observation of BMSCs
cultured on the PLGA/β- T C Ps k e l e t o na f t e r1 4d a y s( ×400,1000). Note: the arrows point to the BMSCs.
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Figure 4: ALP activity comparisons on the core-sheath structure
composite scaﬀold and the PLGA/β-TCP skeleton. Each value and
errorbarrepresentthemeanoftriplicatesamplesandtheirstandard
deviation (∗P<0.05 compared with the PLGA/β-TCP scaﬀolds;
n = 3).
and the smooth transport of nutrients and metabolic waste
[14, 20]. These properties are also necessary for bone tissue
formationbecausemigration andproliferation ofosteoblasts
a n dm e s e n c h y m a lc e l l sa sw e l la sv a s c u l a r i z a t i o nc o u l db e
allowed[10].Resultsofthisstudyindicatethatbothscaﬀolds
have fairly high pority ratio (over 75%), which is considered
to be beneﬁcial to cell growth and survival [21]. The pore
size should be large enough to support cell migration
and bone ingrowth such that cell coverage, pore bridging
formation and occlusion can be prevented. The optimal
pore size required for bone ingrowth has been suggested by
some researchers to be up to 200μm[ 12]. The macropore
dimensions of the novel scaﬀold are 300–500μmi ns i z e ,
which indicates that the scaﬀolds have the proper pore size
for bone tissue engineering.
The values of compressive strength and Young’s modulus
of the two kinds of scaﬀolds are both lower than those of
healthy bone [8]. However, varieties of orthopedic ﬁxations
have been found to be widely used in clinic, which could
ensure the fastness of the ﬁxation during bone regeneration
and degradation of the artiﬁcial bone. Therefore, as a
regenerative scaﬀold, its basic mechanical strength could be
satisﬁed by the embedded artiﬁcial bone if only it can hold
its shape when compressed by the surrounding soft tissue.
In our experiments, the core-sheath structure composite
scaﬀolds had a compressive modulus of 0.70 ± 0.07MPa,
which meets the above standard very well.
On hour 4, the BMSCs had adhered to the novel scaﬀold
and the pseudopodium of the cells had begun to stretch out;
obviously, the BMSCs had also adhered to the PLGA/β-TCP
skeletonhowever,therewerefewercellsadheringtoitFigures
3(a) and 3(b); from day 2 to day 14, the BMSCs stretched
onto the core-sheath structure composite scaﬀold, and the
pseudopodium of the cells tightly attached to the surface of
the scaﬀold, and then the cells proliferated and clustered on
the scaﬀold, furthermore, at day 14, the cells had extended
into the pores, in addition, and after the scaﬀolds and the
cells were cultivated together for 14 days, we observed the
cells attached with the scaﬀold had secreted ECM; obviously,
there were fewer proliferation of the cells on the PLGA/β-
TCP skeleton Figures 3(c)–3(p). From the SEM observation,
we can conclude that the core-sheath structure composite
scaﬀold had better biocompatibility, which is an important8 Journal of Biomedicine and Biotechnology
principle property of scaﬀo l d sa n di sc o n s i d e r e di d e a lf o r
bone tissue engineering. The results of MTT also indicated
that the BMSCs showed better adhesion and proliferation
activityonthesurfaceofthecore-sheathstructurecomposite
scaﬀold than on the PLGA/β-TCP skeleton, which were
consistent with the results of the SEM observation.
There are two important pillars in the bone tissue
engineering ﬁeld, biomaterials and cells. The former must
permit the rapid grow and proliferation of the seeded cells
while keep their potential for further diﬀerentiation, which
is one of the key processes for bone regeneration. ALP is a
kind of cell surface glycoprotein, which is involved in min-
eralization [22] and is the most widely recognized marker
of osteoblastic diﬀerentiation [23]. According to the results,
the core-sheath structure composite scaﬀolds possessed a
greater ability to promote the osteoblastic diﬀerentiation
of BMSCs than that of the PLGA/β-TCP skeletons, which
also demonstrate that the core-sheath structure composite
scaﬀold has comparatively good biocompatibility.
Adhesion of cells on the scaﬀolds is the foundation
of the bone tissue engineering. Adhesion of cells on the
scaﬀolds and cells is very complex and is inﬂuenced by
various factors. Surface properties of the scaﬀold such
as electrical characteristics, free energy, hydrophilicity, or
hydrophobicity are crucial to the cell adhesion, because the
real touch between the scaﬀold and cells occurs between
the material surface and the cell. The results of our study
demonstrated that the hydrophilicity of the core-sheath
structure composite scaﬀold was improved signiﬁcantly, and
itisacknowledgedthatfavourablehydrophilicityisbeneﬁcial
to cell adhesion [24]. Cells contacting the surface of the
scaﬀolds were the ﬁrst to attach and adhere; the quality
of this adhesion would inﬂuence their morphology, and
their capacity for proliferation and diﬀerentiation. The core-
sheath structure composite scaﬀold’s surface was covered
with type I collagen, which could improve the hydrophilicity
of the scaﬀold, and was probably the reason for the better
cell adhesion, proliferation activity, and diﬀerentiation. The
results of our present study indicated that the novel scaﬀold
was more suitable for adhesion, proliferation, and diﬀeren-
tiation of the BMSCs than the PLGA/β-TCP skeleton, which
that demonstrated that the core-sheath structure composite
scaﬀold possessed good biocompatibility.
5. Conclusions
In this study, we created a core-sheath structure composite
scaﬀold with an annular tubes nozzle by the LDM system.
The scaﬀold has an open pore structure with the pore size
up to 300μm, and over 75% of the appropriate pority ratios
havebeenachieved.Theporousscaﬀoldhasdisplayedproper
physical properties. Moreover, the scaﬀold has achieved a
better hydrophilicity, and BMSCs have adhered, spread,
proliferated, and osteogenically diﬀerentiated well on the
scaﬀolds. So, we may conclude that such a scaﬀold may act
as an ideal implant into bone defects thanks to its favourable
physical properties and biocompatibility. All these data
may provide further proofs that the core-sheath structure
composite scaﬀold has potential in bone tissue engineering.
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